EP 4 140 780 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
01.03.2023 Bulletin 2023/09

(21) Application number: 22177999.4

(22) Date of filing: 09.06.2022

(11) EP 4 140 780 A1

EUROPEAN PATENT APPLICATION

(51) International Patent Classification (IPC):
B60C 13/00 (2006.0)

(562) Cooperative Patent Classification (CPC):
B60C 13/001

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 27.08.2021 JP 2021139168

(71) Applicant: Toyo Tire Corporation
Itami-shi, Hyogo 664-0847 (JP)

(72) Inventor: KAMADA, Nobuyuki
Itami-shi, Hyogo 664-0847 (JP)

(74) Representative: Ricker, Mathias
Wallinger Ricker Schlotter Tostmann
Patent- und Rechtsanwilte Partnerschaft mbB
Zweibriickenstrasse 5-7
80331 Miinchen (DE)

(54) PNEUMATIC TIRE

(57)  In a pneumatic tire 10 according to an embodi-
ment, a spiral-shaped pattern 28 is formed in a pattern
forming area 18 provided on a surface of a sidewall. The
spiral-shaped pattern 28 is formed by alternately provid-
ing ridges 32 protruding from a reference surface 30 in

the pattern forming area 18 and grooves 34 recessed
from the reference surface 30 along a spiral while grad-
ually changing the height and the depth with respect to
the reference surface 30.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] Anembodimentof the presentinvention relates
to a pneumatic tire.

2. Description of the Related Art

[0002] There has been known a pneumatic tire provid-
ed with serrations formed of a plurality of ridges with a
smallwidth on a surface of a sidewall as a pattern, thereby
making contrast of a dark part and a light part due to
reflection of light between a portion where the pattern is
provided and a portion where the pattern is not provided.
[0003] For example, JP-A-2017-132296 discloses a
structure in which a pattern part formed of ridges whose
ridge lines have curved parts in planar view are arranged
in a nested structure having a central point is provided
on a tire surface.

SUMMARY OF THE INVENTION

[0004] The pattern is formed of a plurality of ridges in
related art as described above. In such case, a difference
occurs in a rubber amount between the portion where
the pattern is provided and the portion where the pattern
is not provided, which may generate light spot (namely,
hollow or underfill) in ridges at the time of molding.
[0005] In view of the above, an object of the present
invention is to provide a pneumatic tire which can sup-
press occurrence of light spot.

[0006] Accordingtoan aspect of the presentinvention,
there is provided a pneumatic tire including a spiral-
shaped pattern in a pattern forming area provided on a
surface of a sidewall, in which the spiral-shaped pattern
is formed by alternately providing ridges protruding from
a reference surface in the pattern forming area and
grooves recessed from the reference surface along a spi-
ral while gradually changing the height and the depth with
respect to the reference surface.

[0007] The pneumatic tire according to the embodi-
ment of the present invention is configured by including
not only ridges but ridges and grooves. Accordingly, the
rubber amount can be equalized between a portion
where the pattern is provided and a portion where the
pattern is not provided, which can suppress occurrence
of light spot at the time of molding.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]
Fig. 1 is a half cross-sectional view of a pneumatic

tire according to a first embodiment;
Fig. 2 is a side view of the pneumatic tire according
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to the first embodiment;

Fig. 3 is a plan view of a pattern provided in a pattern
forming area of the first embodiment;

Fig. 4 is a cross-sectional view showing a cross-sec-
tional shape along a spiral of the pattern;

Fig. 5 is a cross-sectional view taken along V-V line
of Fig. 3, showing a cross-sectional view of the pat-
tern;

Fig. 6 is a plan view showing switching positions in
the pattern according to a second embodiment;
Fig. 7 is a plan view showing switching positions in
the pattern according to a third embodiment;

Fig. 8 is a cross-sectional view showing a first mod-
ification example of ridges and grooves which con-
stitute a pattern;

Fig. 9 is a cross-sectional view showing a second
modification example of ridges and grooves which
constitute a pattern;

Fig. 10 is a cross-sectional view showing a third mod-
ification example of ridges and grooves which con-
stitute a pattern;

Fig. 11 is a cross-sectional view showing a fourth
modification example of ridges and grooves which
constitute a pattern; and

Fig. 12is a cross-sectional view showing a fifth mod-
ification example of ridges and grooves which con-
stitute a pattern.

DESCRIPTION OF EMBODIMENTS

[0009] Hereinafter, embodiments of the presentinven-
tion will be explained with reference to the drawings.

[First Embodiment]

[0010] Fig. 1to Fig. 5 are views showing a pneumatic
tire 10 according to a first embodiment. The pneumatic
tire 10 includes a tread 12 forming a grounding surface,
aright and left pair of bead parts 14 configured to be fixed
to a rim, a right and left pair of sidewalls 16 interposed
between the tread 12 and the bead parts 14. Fig. 1 is a
half cross-sectional view of the pneumatic tire 10 ob-
tained by cutting the pneumatic tire 10 ata meridian cross
section including a tire rotation axis.

[0011] In the drawings, a symbol CL denotes a tire
equatorial plane corresponding to the centerin a tire axial
direction. The tire axial direction is referred to also as a
tire width direction, which is a direction parallel to the tire
rotation axis and denoted by a symbol AD in the drawings.
A tire radial direction is a direction perpendicular to the
tire rotation axis, which is denoted by a symbol RD in the
drawings. A tire circumferential direction is a direction in
which the tire rotates about the tire rotation axis, which
is denoted by a symbol CD in the drawings.

[0012] An internal structure of the pneumatic tire 10 is
not particularly limited and a well-known structure can be
adopted. The pneumatic tire generally includes, as the
internal structure, a right and left pair of bead cores, a
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carcass ply hung across the pair of bead cores in a toroi-
dal shape, and a belt arranged on an outer circumference
of a crown part of the carcass ply. Such internal structure
can be adopted.

[0013] A pattern forming area 18 is provided on a sur-
face (namely, an outer surface) of at least one sidewall
16. The surface of the sidewall 16 is a side surface of the
tire which is positioned on an outer side of the surface of
the tread 12 in the tire axial direction AD, which can be
seen in the tire axial direction AD when the pneumatic
tire 10 is mounted to the rim. The surface of the sidewall
16 is formed by vulcanizing a sidewall rubber to be mold-
ed.

[0014] The pattern forming area 18 is provided at a
part of the surface of the sidewall 16 in the tire radial
direction RD in a tire cross-sectional shape shown in Fig.
1. A dimension of the pattern forming area 18 in the tire
radial direction RD (hereinafter, referred to as a "height
HA") is not particularly limited, but preferably 0.05 to 0.6
times of a tire cross-sectional height H, and more pref-
erably 0.1 to 0.35 times thereof. Here, the tire cross-sec-
tional height H indicates a vertical height from a bead
heel E to a tire maximum diameter point (distance in the
tire radial direction RD), which is 1/2 of a difference be-
tween a tire outer diameter and a rim diameter.

[0015] A position of the pattern forming area 18 is not
particularly limited, but a base semidiameter height HB
is preferably 0.45 to 0.65 times of the tire cross-sectional
height H. Here, the base semidiameter height HB indi-
cates a vertical height from an intermediate position
where the height HA is divided into two to the bead heel
E. Adistance from the tire rotation axis to the intermediate
position where the height HA is divided into two is referred
to as a base semidiameter RS. In the example shown in
Fig. 1, the patternforming area 18 is provided at a position
including a tire maximum width position PM. Here, the
tire maximum width position PM indicates a position
where a profile line of the tire surface in the sidewall 16
is the farthest from the tire equatorial plane CL in the tire
axial direction AD, which is the position in the tire radial
direction RD

[0016] The pattern forming area 18 may be formed
over the entire circumference in the tire circumferential
direction CD; however, the pattern forming area 18 is
formed at part in the tire circumferential direction CD as
shown in Fig. 2 in this example. Specifically, a plurality
of (two in this case) pattern forming areas 18, 18 having
a curved band-shape are provided at intervals in the tire
circumferential direction CD. Marking areas 20, 20 are
provided to be interposed between the plural pattern
forming areas 18, 18, and flat areas 22 are provided be-
tween the pattern forming areas 18 and the marking ar-
eas 20. These pattern forming areas 18, the marking ar-
eas 20, and the flat areas 22 form an annular decorative
area 24 extending in the entire circumference in the tire
circumferential direction CD.

[0017] Themarkingarea20is anareawhere amarking
26 is formed. The marking 26 is formed of letters (includ-
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ing numbers), a symbol, a figure, a combination of them,
or the like, indicating various display information such as
a manufacturer, a brand, a type, and a size of the tire.
The marking 26 may either protrude or be recessed, or
may be provided in a recessed shape inside a protruding
edged part, which is not particularly limited. In the exam-
ple shown in Fig. 2, the markings 26 which are "TOTO"
and "TOTOTO" are provided in the marking areas 20.
[0018] The flat area 22 is an area formed of a flat sur-
face where the marking 26 or a later-described pattern
28 is not provided. A length LB of the flat area 22 in the
tire circumferential direction CD (namely, a length at a
position of the base semidiameter RS) is not particularly
limited, but preferably 3 mm or more. The length LB is
preferably 0.6 times or less of a length LA of the marking
area 20 in the tire circumferential direction CD (namely,
a length at the position of the base semidiameter RS).
As the length LB is 0.6 times or less of the length LA, the
length of the pattern forming area 18 in the tire circum-
ferential direction CD can be secured to thereby increase
decorative effects.

[0019] As shown in Fig. 2, a plurality of patterns 28 are
provided in the pattern forming area 18 at intervals in the
tire circumferential direction CD. In this example, the pat-
terns 28 are provided so as to fill and decorate spaces
between the marking areas 20, 20 provided at intervals
in the tire circumferential direction CD. Accordingly, the
pattern forming area 18 can be regarded as a decorative
area for filling the space between the marking areas 20,
20. In the example shown in Fig. 2, all plural patterns 28
have the same shape in planar view; however, the pat-
terns 28 may have shapes different from one another.
[0020] As shown in Fig. 3, the pattern 28 is formed in
a spiral shape in planar view. That is, the pattern 28 is
formed by a streak circling about a central point 38 like
a swirl. Here, the planar view means viewing of the pat-
tern 28 in a planar manner. Fig. 3 is a view showing the
pattern 28 in planar view. The central point 38 is disposed
at the intermediate position where the height HA of the
pattern forming area 18 is divided into two, which corre-
sponds to the position of the base semidiameter RS as
shown in Fig. 2. The number of circles of the spiral in
each pattern 28 is not particularly limited, and may be,
for example, 8 to 30 as well as 10 to 20.

[0021] The pattern 28 has a spiral shape of a curved
line, and an overall shape thereof is a circular shape in
this example. However, the overall shape of the pattern
28 may be oval shapes (for example, an elliptical shape,
an ovoid shape). The spiral is not limited to the shape of
the curved line but may have a polygonal line shape in
which straight lines are bent, which may be formed into
polygonal shapes such as a tetragon, a pentagon, and
a hexagon.

[0022] The pattern 28 is formed by alternately provid-
ing ridges 32 protruding from a reference surface 30 of
the pattern forming area 18 and grooves 34 recessed
from the reference surface 30 along the spiral while grad-
ually changing the height and the depth with respect to
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the reference surface 30 as shown in Fig. 3 to Fig. 5.
That is, the ridges 32 and the grooves 34 are alternately
provided to be connected in an extended direction ED of
the spiral as a streak extending so as to circle about the
central point 38, thereby forming the pattern 28. The spi-
ral is formed so as to circle through flat surfaces 36. The
flat surface 36 with a fixed width is provided between a
streak (the ridge 32 or the groove 34) and a streak (the
ridge 32 or the groove 34) which are adjacentin aninward
and outward direction. Here, the extended direction ED
is a direction in which the streak forming the spiral ex-
tends so as to circle, which is referred to also as a circling
direction.

[0023] Theridges 32 andthe grooves 34 can be formed
on the tire surface at the time of vulcanization molding,
for example, by providing ridges and grooves in a mold
used at the time of vulcanization molding of the tire by
machine processing or laser processing.

[0024] The reference surface 30 is a surface to be a
reference in the pattern forming area 18, and the ridges
32 and the grooves 34 are provided on the reference
surface 30. The reference surface 30 may be a curved
surface extending along the profile line of the tire surface
in the sidewall 16 as shown in Fig. 1, or may be a curved
surface or aflatsurface in which the entire pattern forming
area 18 is recessed from the profile line in a concave
shape. If the reference surface 30 is the curved surface,
acurvature thereofis small. Therefore, the reference sur-
face 30 is a flat surface as compared with unevenness
formed of the ridges 32 and the grooves 34.

[0025] The ridges 32 correspond to a component con-
stituting streaks of one spiral together with the grooves
34, and a plurality of ridges 32 are included in one spiral.
The ridges 32 are raised portions extending in thin
streaks. The ridges 32 are formed in a triangular shape
in cross section as shown in Fig. 5 in this example. A
width W1 of the ridge 32 is not particularly limited, and
may be, for example, 0.1 to 1 mm. Here, the width W1
of the ridge 32 is the maximum dimension in a width di-
rection of the cross-sectional shape ofthe ridge 32, which
is normally a width at a root part of the ridge 32. A max-
imum height H1 of the ridge 32 (namely, a distance from
the reference surface 30 to an apex) is not particularly
limited, but is preferably 0.1 to 0.8 mm, and more pref-
erably 0.1 to 0.4 mm from a viewpoint of designability
and securing a rubber amount therefor.

[0026] The grooves 34 correspond to a component
constituting streaks of one spiral together with the ridges
34, and a plurality of grooves 34 are included in one spiral.
The grooves 34 are recessed portions extending in thin
streaks, which are also called thin grooves. The grooves
34 are formed in a triangular shape in cross section in
this example. A width W2 of the groove 34 is not partic-
ularly limited, and may be, for example, 0.1 to 1 mm.
Here, the width W2 of the groove 34 is the maximum
dimension in a width direction of the cross-sectional
shape of the grooves 34, which is normally a width at an
opening surface of the groove 34. A maximum depth H2
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of the groove 34 (namely, a distance from the reference
surface 30 to a bottom) is not particularly limited, but pref-
erably 0.1 to 0.8 mm, and more preferably 0.1 to 0.4 mm
from a viewpoint of designability.

[0027] The width W1 of the ridge 32 and the width W2
of the groove 34 may be the same and may differ from
each other. The width W1 is preferably 0.6 to 1.5 times
of the width W2, and more preferably 0.8 to 1.2 times of
the width W2 from a viewpoint of equalization in the rub-
ber amount. The maximum height H1 of the ridge 32 and
the maximum depth H2 of the groove 34 may be the same
and may differ from each other. The maximum height H1
is preferably 0.6 to 1.2 times of the maximum depth H2,
and more preferably 0.8 to 1.0 times of the maximum
depth H2 from the viewpoint of equalization in the rubber
amount. Volumes of the ridge 32 and the groove 34 are
not particularly limited, but the volume of the groove 34
is preferably 0.8 to 1.2 times of the volume of the ridge
32, and more preferably 0.9 to 1.1 times of the volume
of the ridge 32.

[0028] The flat surfaces 36 are surfaces extending
along the reference surface 30, namely, even surfaces
corresponding to the reference surface 30. The flat sur-
faces 36 are interposed between spiral-shaped streaks
formed of the ridges 32 and the grooves 34. Accordingly,
the flat surfaces 36 are thin band-shaped surfaces ex-
tending in a spiral shape about the central point 38. A
width W3 of the flat surface 36 is not particularly limited,
and preferably, forexample, 0.1to 2 mm, more preferably
0.2 to 1.0 mm. The width W3 of the flat surface 36 may
be set to be smaller than a sum of the maximum height
H1 of the ridge 32 and the maximum depth H2 of the
groove 34. In that case, light attenuation effects can be
increased, which can make the pattern 28 look darker.
The width W3 of the flat surface 36 may be set to be
larger than the sum of the maximum height H1 of the
ridge 32 and the maximum depth H2 of the groove 34.
In that case, surfaces on which light is reflected in the
tire axial direction AD are increased; therefore, portions
looking light are increased and dark portions look thin,
which makes dark lines look clearer.

[0029] As shown in Fig. 4, the height and the depth
with respect to the reference surface 30 in the spiral-
shaped pattern 28 are gradually changed in the extended
direction ED. Specifically, as the height is gradually re-
duced from a portion of the ridge 32 protruding from the
reference surface 30, the portion is continued to a portion
of the groove 34 which is recessed from the reference
surface 30. Then, the depth of the groove 34 is gradually
increased to be the maximum depth H2. Next, as the
depth is gradually reduced, the groove 34 is continued
to a portion of the ridge 32 protruding from the reference
surface 30. Then, the height of the ridge 32 is gradually
increased to be the maximum height H1. The above
changes are repeated, thereby alternately providing the
ridges 32 and the grooves 34.

[0030] Inthe example showninFig. 4, a cross-section-
al shape along the spiral of the pattern 28 is a curved-
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line shape corresponding to sign waves. The cross-sec-
tional shape is not limited to the curved-line shape but
may be the polygonal line shape inclining in straight lines.
[0031] Switching positions 40 between the ridge 32
and the groove 34 exist at every fixed length Pl of the
spiral as shown in Fig. 3 and Fig. 4. Here, the switching
position 40 is a boundary between the ridge 32 and the
groove 34. The switching positions 40 are shown by chain
lines crossing the spiral in Fig. 3, and 36 switching posi-
tions 40 exist in this example. The fixed length PI of the
spiral means a fixed length which is a length of a streak
(alength in the extended direction ED) in the spiral form-
ing the pattern 28.

[0032] Asshownin Fig. 3 and Fig. 4, the spiral-shaped
pattern 28 starts as the ridge 32 from a start point42 near
the central point 38, and the height thereof is gradually
increased to reach the maximum height H1, then, the
height thereof is gradually reduced, and the ridge 32 is
continued to the groove 34 through the switching position
40 corresponding to the reference surface 30. The depth
of the groove 34 is gradually increased to reach the max-
imum depth H2, then, the depth thereof is gradually re-
duced, and the groove 34 is continued to the ridge 32
through the switching position 40 corresponding to the
reference surface 30. In this example, an interval of the
switching positions 40 is set to the fixed length P1. The
length Pl is not particularly limited, and may be set to, for
example, 10 to 60 times of a sum of the maximum height
H1 and the maximum depth H2 (HI + H2).

[0033] Respective dimensions of the pattern 28 may
be set as follows in an example. The height HA of the
pattern forming area 18 is 25 mm, the width W1 of the
ridge 32 is 0.2 mm, the maximum height H1 is 0.4 mm,
the width W2 of the groove 34 is 0.2 mm, the maximum
depth H2 is 0.4 mm, the width W3 of the flat surface 36
is 1.2 mm, and the number of circles of the spiral in each
pattern 28 is 14.

[0034] According to the first embodiment, the pattern
28 is formed by including not only the ridges 32 but the
ridges 32 and the grooves 34. Accordingly, the rubber
amount can be equalized between the portion where the
pattern 28 is provided and the portion where the pattern
28 is not provided. Specifically, the rubber amount for
providing the ridges 32 can be compensated by portions
for providing the grooves 34; therefore, the rubber
amount can be equalized in the tire circumferential direc-
tion CD. Moreover, the pattern 28 is formed in a spiral
shape so that the ridges 32 and the grooves 34 are al-
ternately provided while gradually changing the height
and the depth with respect to the reference surface 30;
therefore, variations in rubber amount can be small even
in the pattern 28. Accordingly, it is possible to suppress
occurrence of light spot (namely, hollow or underfill) at
the time of vulcanization molding of the pneumatic tire 10.
[0035] As the switching positions 40 between the ridge
32 and the groove 34 exist at every fixed length PI, the
lengths of the ridges 32 and the grooves 34 are equalized,
which can equalize the rubber amount also according to
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this point.

[0036] Moreover, the pattern 28 is formed to circle in
the spiral shape through the flat surfaces 36, which is
provided so that the ridges 32 and the groove 34 are
alternately connected while gradually changing the
heightand the depth. Accordingly, surfaces on which light
is reflected are increased, and the reflection surfaces can
be variously changed in the extended direction ED of the
spiral. Therefore, light attenuation effects can be in-
creased, which can make the pattern 28 look darker in
appearance. Consequently, it is possible to further in-
crease contrast between portions where the pattern 28
is not provided and which look light in appearance (for
example, portions between the pattern 28 and the pattern
28, or the flat areas 22) and the patterns 28 which look
dark.

[0037] As shown in Fig. 2, a band-shaped area 44 in
which a plurality of ridges (second ridges) 46 extending
in the tire radial direction RD are provided at equal inter-
vals in the tire circumferential direction CD is provided at
an outer side in the tire radial direction RD of the pattern
forming areas 18 in the firstembodiment. The plural ridg-
es 46 are arranged at equal intervals of 0.3 mm to 1.0
mm in the tire circumferential direction CD according to
the embodiment. The band-shaped area 44 may be pro-
vided at part of the circumference in the tire circumfer-
ential direction CD, but is provided over the entire cir-
cumference in the tire circumferential direction CD in this
example. Accordingly, the band-shaped area 44 is
formed in an annular shape adjacent to the outside of
the decorative area 24 and surrounding the entire cir-
cumference thereof. A dimension HC (see Fig. 1) of the
band-shaped area 44 in the tire radial direction RD is
preferably 5 to 12 mm.

[0038] When the above band-shaped area 44 is pro-
vided, interface irregularities and light spot between
members of the tread 12 and the sidewall 16 can be sup-
pressed. Moreover, the black band-shaped area 44 is
formed by light attenuation effects obtained by providing
the ridges 46, which can emphasize the pattern forming
area 18.

[Second Embodiment]

[0039] Fig. 6isa view showing a plan view of a pattern
28A in a pneumatic tire according to a second embodi-
ment. The second embodiment differs from the first em-
bodiment in setting of the switching position 40 between
the ridge 32 and the groove 34.

[0040] In the second embodiment, the switching posi-
tions 40 between the ridge 32 and the groove 34 are set
at every fixed angle 6A about the central point 38 of the
spiral. Fig. 6 shows an example in which the angle 6A is
set to 360 degrees, and the switching positions 40 are
denoted by a chain line.

[0041] Specifically, the spiral-shaped pattern 28A
starts as the ridge 32 from the start point 42 near the
central point 38, and the height thereof is gradually re-
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duced until circling by approximately 45 degrees in a
clockwise direction, then, the ridge 32 reaches the
switching position 40 to be continued to the groove 34.
The depth of the groove 34 is gradually increased to
reach the maximum depth H2 when circling by 180 de-
grees, then, the depth is gradually reduced, and the
groove 34 reaches the switching position 40 when further
circling by 180 degrees (360 degrees in total) to be con-
tinued to the ridge 32. The height of the ridge 32 is grad-
ually increased to reach the maximum height H1 when
circling by 180 degrees, then, the height is gradually re-
duced, and the pattern 28A reaches the switching posi-
tion 40 when further circling by 180 degrees (360 degrees
in total). The spiral-shaped pattern 28A is formed by re-
peating the above.

[0042] Whenthe switching positions40 are setatevery
fixed angle 0A as described above, the angle 6A is not
particularly limited, but is preferably 30 to 360 degrees,
more preferably 60 to 360 degrees.

[0043] In the example shown in Fig. 6, the ridges 32
and the grooves 34 are adjacent to each other through
the flat surfaces 36 over the entire circumference in the
extended direction ED of the spiral. Accordingly, light at-
tenuation effects can be further increased, which can
make the pattern 28 look darker and can increase the
contrast. In order to make the ridges 32 and the grooves
34 adjacent to each other over the entire circumference
in the extended direction ED of the spiral, the angle 6A
is set so that 360°/6A will be an odd number.

[0044] Other structures and advantages of the second
embodiment are the same as those of the first embodi-
ment, and explanation thereof is omitted.

[Third Embodiment]

[0045] Fig. 7 is a plan view showing a pattern 28B in
a pneumatic tire according to a third embodiment. The
third embodiment differs from the firstembodimentin set-
ting of the switching positions 40 between the ridge 32
and the groove 34.

[0046] In the third embodiment, the switching positions
40 between the ridge 32 and the groove 34 are set ac-
cording to the angle about the central point 38 of the
spiral, and the angle on a central side of the spiral is set
to be larger than the angle on an outer side in the spiral.
In Fig. 7, the switching positions are denoted by chain
lines.

[0047] Inthe example of Fig. 7, the angle is set in four
stages of 81=360°, 62=120°, 63=72°, and 64=40° from
the inner side of the spiral. Specifically, the switching
positions 40 are set by every 360 degrees until the spiral
circles four times from the start point 42 near the central
point 38. The switching positions 40 are set by every 120
degrees until the spiral further circles five times there-
from. The switching positions 40 are set by every 72 de-
grees until the spiral further circles three times therefrom.
The switching positions 40 are set by every 40 degrees
until the spiral further circles twice therefrom to the ter-
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minal.

[0048] In the spiral-shaped pattern 28B, the length of
the streak becomes smaller as coming closer to the cen-
tral side of the spiral, and becomes longer as going to an
outer side of the spiral even at the same angle. Accord-
ingly, the lengths of the ridges 32 and the grooves 34
can be equalized on the central side and the outer side
of the spiral by setting the angle where the switching po-
sitions 40 are set to be smaller as going to the outer side
of the spiral.

[0049] In the example shown in Fig. 7, each of the an-
gles 81 to 64 is set so that 360°/6X (6X: 61 to 64) is an
odd number. Accordingly, the ridges 32 and the groove
34 are formed to be adjacent to each other through the
flat surfaces 36 over the entire circumference in the ex-
tended direction ED of the spiral. Accordingly, light at-
tenuation effects can be further increased, which can
make the pattern 28 look darker and can increase the
contrast.

[0050] In the case where the angle on the central side
of the spiral is set to be larger than the angle on the outer
side of the spiral, the angle may be set when the spiral
circles plural times so thatthe angleisincreased in stages
as described above; however, it is also preferable that
the angle is set to be gradually increased from the central
side toward the outer side. Other structures and advan-
tages of the third embodiment are the same as those of
the first embodiment, and explanation thereof is omitted.

[Other Embodiments]

[0051] Although theridges 32 and the grooves 34 have
the triangular shape in cross section in the above em-
bodiments, the cross-sectional shape of the ridges 32
and the grooves 34 is not limited to this, and various
cross-sectional shapes can be adopted.

[0052] Fig.8is across-sectional view showing a cross-
sectional shape according to a first modification example.
The ridges 32 and the grooves 34 have a semicircular
shape in cross section in the first modification example.
In this case, a curvature radius RA of the semicircle is
not particularly limited, and for example, may be 0.1 to
0.5 mm.

[0053] Fig.9is across-sectional view showing a cross-
sectional shape according to a second modification ex-
ample. The ridges 32 and the grooves 34 have a shape
inwhich asemicircle is raised by arectangle in the second
modification example. In this case, a curvature radius RA
of the semicircle is not particularly limited, and for exam-
ple, may be 0.1 mm or more, and 0.5 times or less of W1
or 0.5 times or less of W2. A raised amount H3 by the
rectangle is preferably a value obtained by subtracting
the curvature radius RA from the maximum height H1 of
the ridge 32 or the maximum depth H2 of the groove 34.
[0054] Fig. 10 is a cross-sectional view showing a
cross-sectional shape according to a third modification
example. The ridges 32 and the grooves 34 have a trap-
ezoidal shape in cross section in the third modification
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example, and an example of an isosceles trapezoid is
shown. In this case, a dimension W4 of a base of the
trapezoid corresponding to a top face of the ridge 32 and
a bottom face of the groove 34 is preferably 0.2 to 0.5
times of the width W1 of the ridge 32 and the width W2
of the groove 34 respectively.

[0055] Fig. 11 is a cross-sectional view showing a
cross-sectional shape according to a fourth modification
example. The ridges 32 and the grooves 34 have a cross-
sectional shape in which an apex of a triangle is rounded
by an arc in the fourth modification example. In this case,
a curvature radius RB of the arc is not particularly limited,
and for example, may be 0.1 mm or more, and 0.5 times
or less of W1 or 0.5 times or less of W2.

[0056] Fig. 12 is a cross-sectional view showing a
cross-sectional shape according to a fifth modification
example. The ridges 32 and the grooves 34 have a rec-
tangular shape in cross section in the fifth modification
example.

[0057] In the modification examples shown in Fig. 8 to
Fig. 12, the width W1 and the maximum height H1 of the
ridge 32 and the width W2 and the maximum depth H2
of the groove 34 are the same as those in the first em-
bodiment.

[0058] The pattern forming area 18 is provided sepa-
rately from the marking area 20 in the above embodi-
ments; however, the marking 26 may be provided within
the pattern forming area 18. That is, for example, the
spiral-shaped pattern 28 in the pattern forming area 18
is formed, and the marking 26 having a flat surface can
be provided to be placed within the pattern 28.

[0059] The type of the pneumatic tire according to the
embodiments is not particularly limited, and the pneu-
matic tire can be used for various tires including tires for
passenger cars and tires for heavy loads such as trucks
and buses.

[0060] The respective dimensions in the specification
are values in an unloaded normal state where the pneu-
matic tire is fitted to a normal rim and is filled with a normal
internal pressure. Examples of the normal rim include
the "standard rim"in the JATMA standard, and the "Meas-
uring Rim" in the TRA standard and in the ETRTO stand-
ard. Examples of the normal internal pressure include
the "maximum air pressure" in the JATMA standard, the
"maximum value" described in "TIRE LOAD LIMITS AT
VARIOUS COLD INFLATION PRESSURES" in the TRA
standard, and "INFLATION PRESSURE" in the ETRTO
standard. However, the normal internal pressure is nor-
mally set to 180 kPa in the case of the tire for the pas-
senger car, and set to 220 kPa in the case of a tire on
which "Extra Load" or "Reinforced" is written.

[0061] Concerninga range of various numerical values
described in the specification, an upper limit value and a
lower limit value can be arbitrarily combined respectively,
and all combinations are described as a preferable range
of numerical values in the specification. The description
of the range of numerical values "X to Y" means X or
more to Y or less.
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[0062] Some embodiments of the present invention
have been explained above. These embodiments are cit-
ed as examples and do not intend to limit the scope of
the invention. These embodiments can be achieved in
other various modes, and various omissions, replace-
ments, modifications may occur in a scope not departing
from the gist of the invention. These embodiments and
modifications thereof are included in the scope and the
gist of the invention as well as included in the invention
described in claims and the range of its equivalency.

Reference Signs List
[0063]

10: pneumatic tire

16: sidewall

18: pattern forming area
28, 28A, 28B: pattern
30: reference surface
32: ridge

34: groove

38: central point

40: switching position
44: band-shaped area
46: ridge (second ridge)

Claims
1. A pneumatic tire comprising:

a spiral-shaped pattern (28, 28A, 28B) in a pat-
tern forming area (18) provided on a surface of
a sidewall (16),

wherein the spiral-shaped pattern (28, 28A,
28B) is formed by alternately providing ridges
(32) protruding from a reference surface (30) in
the pattern forming area (18) and grooves (34)
recessed from the reference surface (30) along
a spiral while gradually changing the height and
the depth with respect to the reference surface
(30).

2. The pneumatic tire according to claim 1,
wherein flat surfaces (36) extending along the refer-
ence surface (30) are interposed between spiral-
shaped streaks formed of the ridges (32) and the
grooves (34).

3. The pneumatic tire according to claim 1 or 2,
wherein switching positions (40) between the ridge
(32) and the groove (34) exist at every fixed length
(P1) of the spiral.

4. The pneumatic tire according to claim 1 or 2,
wherein switching positions (40) between the ridge
(32) and the groove (34) exist at every fixed angle
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(6A) about a central point (38) of the spiral.

The pneumatic tire according to claim 1 or 2,
wherein switching positions (40) between the ridge
(32) and the groove (34) are set according to an an-
gle (6X) about the central point (38) of the spiral, and
the angle (6X) on a central side of the spiral is larger
than the angle (6X) on an outer side of the spiral.

The pneumatic tire according to claim 5,

wherein, when the angle about the central point (38)
is 06X, the 06X is set so that 360°/0X will be an odd
number.

The pneumatic tire according to any one of claims 1
to 6,

wherein the pattern (28, 28A, 28B) has a spiral shape
of a curved line.

The pneumatic tire according to any one of claims 1
to 7,

wherein a width (W1) of the ridge (32) is 0.1 to 1 mm,
the maximum height (HI) of the ridge (32) is 0.1 to
0.8 mm, a width (W2) of the groove (34) is 0.1 to 1
mm, and the maximum depth (H2) of the groove (34)
is 0.1 to 0.8 mm.

The pneumatic tire according to any one of claims 1
to 8,

wherein a cross-sectional shape of the ridge (32)
and the groove (34) includes a triangular shape, a
semicircular shape, a shape in which a semicircle is
raised by a rectangle, a trapezoidal shape, a shape
in which an apex of a triangle is rounded by an arc,
and a rectangular shape.

The pneumatic tire according to any one of claims 1
to 9,

wherein an area (44) where aplurality of second ridg-
es (46) extending in a tire radial direction (RD) are
arranged at equal intervals in a tire circumferential
direction (CD) is provided at an outer side in the tire
radial direction (RD) of the pattern forming area (18),
in which a dimension (HC) of the area (44) in the tire
radial direction (RD) is 5 mm or more to 12 mm or
less.
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FIG. 6
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FIG. 8

EP 4 140 780 A1

30
34 {
30
34
f/
d
f/
30
34
/
fw x/

/
7

S/
S
36
7

36
3{‘5

e
/

]
i
|
i
[
i
i
|
7

32
36 L
FIG. 9
},//
P
f}/fg /
32
36
S

FI1G. 10

Wi
32
</
RA
P
f'
W1
32
K/
RA
j/
W4
w1/
L
; 37
/ / / /

16



EP 4 140 780 A1

W1 W2
5,73 ‘ 32
| 32 1< : ( 36 30
TP 1360 34 36 34
" EB% | |

17



10

15

20

25

30

35

40

45

50

55

EP 4 140 780 A1

9

des

Europiisches
Patentamt

European
Patent Office

Office européen

brevets

N

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 22 17 7999

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A US 2019/023081 Al (IWABUCHI SOTARO [JP] ET | 1-10 INV.
AL) 24 January 2019 (2019-01-24) B60C13/00
* figures 1, 5, 6 *
A US 2013/263992 A1l (MATSUMOTO TADAO [JP]) 1-10
10 October 2013 (2013-10-10)
* figure 7 *
A DE 11 2015 004233 T5 (YOKOHAMA RUBBER CO 1-10
LTD [JP]) 14 June 2017 (2017-06-14)
* figure 3B *
A JP S58 180706 U (X) 1

2 December 1983 (1983-12-02)
* figure 2 *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED  (IPC)

B60C

Place of search Date of completion of the search

Munich 18 November 2022

Examiner

Schork, Willi

CATEGORY OF CITED DOCUMENTS

:theory or principle underlying the invention
: earlier patent document, but published on, or

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P :intermediate document

after the filing date

: document cited in the application
: document cited for other reasons

: member of the same patent family, corresponding

document

18




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 4 140 780 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO.

EP 22 17 7999

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

18-11-2022
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2019023081 Al 24-01-2019 CN 108602397 A 28-09-2018
EP 3409508 A1l 05-12-2018
JP 6617040 B2 04-12-2019
JP 2017132296 A 03-08-2017
uUs 2019023081 A1l 24-01-2019°
WO 2017130986 Al 03-08-2017
US 2013263992 Al 10-10-2013 CN 103358825 A 23-10-2013
EP 2647510 A1l 09-10-2013
JP 5520334 B2 11-06-2014
JP 2013216119 A 24-10-2013
KR 20130112763 A 14-10-2013
us 2013263992 Al 10-10-2013
DE 112015004233 T5 14-06-2017 AU 2015319188 Al 04-05-2017
CN 107074041 A 18-08-2017
DE 112015004233 T5 14-06-2017
JP 6617560 B2 11-12-2019
JP W02016043191 Al 29-06-2017
WO 2016043191 Al 24-03-2016
JP S58180706 U 02-12-1983 JP S6340004 Y2 20-10-1988
JP $58180706 U 02-12-1983

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

19




EP 4 140 780 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 2017132296 A [0003]

20



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

